Thermal response with exothermic effects of beta2-microglobulin amyloid fibrils and fibrillation.
Calorimetric measurements were carried out using a differential scanning calorimeter to characterize the thermal response of beta(2)-microglobulin amyloid fibrils, the deposition of which results in dialysis-related amyloidosis. The fibril solution showed a large decrease in heat capacity (exothermic effect) before the temperature-induced depolymerization of the fibrils, which was characterized by a definite dependence on heating rate. To understand the factors that determine the heating-rate-dependent thermal response, the concentration dependence of polyethylene glycol, which inhibits the association of amyloid fibrils with heating, on exothermic effect was examined in detail and showed a causal link between the exothermic effect and fibril association. The results suggest that the transient association driven by a spatial approach and the concomitant dehydration of hydrophobic areas of amyloid fibrils may be significant factors determining the thermal response with exothermic effect, which has not been observed in calorimetric studies of monomolecular globular proteins. The heating-rate-dependent thermal response with the exothermic effect was observed not only for other amyloid fibrils formed from amyloid beta-peptides but also during the processes of the temperature-induced conversion of beta(2)-microglobulin protofibrils and hen egg-white lysozyme into amyloid fibrils. These results highlight the physics related to the heating-rate-dependent behaviors of heat capacity in terms of interactions between the specific structures of amyloid fibrils and water molecules.